We have studied the expression of the Abdominal B-type Hox genes in Xenopus embryos and tadpoles. The probes used represent all paralog groups and are designated Xhoxa9, Xhoxd9, Xhoxd10, Xhoxa11, Xhoxc12 and Xhoxa13 on the basis of comparison to other vertebrates. Three of these genes are novel while the others have previously been detected but expression patterns were only partially described. We ®nd a typical nested pattern of expression in the main body axis, in both central nervous system and mesoderm. All the genes, except Xhoxc12, are also expressed in the mesenchyme of the large intestine and in the limb buds. q
Results and discussion
We have examined the expression of six Abdominal B (AbdB) type Hox genes in the Xenopus embryo which represent the products of a search of expressed genes using reverse transcription-polymerase chain reaction (RT-PCR) (see Section 2). Three of the genes are described for the ®rst time here and three have been identi®ed before, although detailed expression patterns have not previously been published. One AbdB-type gene, Xhoxb9, was not included because it has been extensively described elsewhere (Wright et al., 1990) . Although it is likely that there are other AbdB-type genes in the genome not detected in this study, the set examined covers all paralog groups and it is unlikely that new principles would arise if further genes were later discovered.
An overall view of the expression of the gene family was obtained by performing RT-PCR on embryos of different stages (Fig. 1 ). This showed that initial activation of gene transcription occurred during the neurula stage. Groups 9± 11 are activated around stage 15 and reach a maximal level by stage 20±25. Xhoxc12 expression is also detectable at stage 15, but does not reach a maximal level until stage 35. Xhoxa13 expression only becomes detectable by stage 25. These results show a strong`temporal colinearity' as described in the mouse by Duboule (1994) .
Whole body expression
Expression in the whole body of the embryo was studied by whole-mount in situ hybridization from the neurula to tadpole stages (stages 20±40) (Fig. 2) . In general, the patterns are similar to those in other vertebrates, showing colinear expression along the anteroposterior axis with progressive restriction to more posterior regions in older embryos. All six genes are expressed both in the central nervous system (CNS) and in the mesoderm.
Of the six genes, Xhoxa9 (Fig. 2A±D ) has the widest expression in the CNS, being expressed along the presumptive spinal cord from somite level 3 into the posterior wall of the tail bud. It is also present at low levels in the nephric duct (arrowhead in Fig. 2B ). Xhoxd9 expression in the tail bud region (Fig. 2H) is very similar to that of Xhoxa9, while in the neural tube, it extends anteriorly only up to somite level 7. Xhoxd9 is also expressed in the pronephros (arrowhead in Fig. 2F ). Xhoxd10 and Xhoxa11 have similar anterior expression boundaries in the CNS, located at somite levels 8±9 (Fig. 2J,N) . For both genes, there is a low level of expression in the paraxial mesoderm, which reaches a similar anterior expression boundary (white arrows in Fig. 2J,N) . However, the pattern of expression of these two genes in the tail bud is different: while Xhoxd10 is expressed in the posterior wall, Xhoxa11 expression is absent from the posterior wall but present in the posterior notochord ( Fig. 2L,P) . The anterior boundary of Xhoxc12 in the CNS is at somite level 11, and in the paraxial mesoderm at somite level 13, with expression at relatively high levels in the tail bud (Fig. 2T ). Finally, Xhoxa13 shows the most posterior pattern of expression, its anterior limit of expression in the CNS being at somite level 14, with mesodermal expression con®ned to the tail bud and the proctodeal region. As described above, the onset of Xhoxa13 expression is later than that of the other genes and so the earliest stage to give an in situ signal is about 27, as shown in Fig. 2U . In the tail bud region, its expression is found in the neural tube and posterior wall.
For all the genes, the expression patterns are dynamic during tail bud stages becoming progressively restricted to the posterior as development proceeds. By stage 39, detectable levels of expression of Xhoxa9, Xhoxd9, Xhoxd10 are con®ned to the most distal part of the tail (Fig. 2C ,G,K). Xhoxa11 is not found in the tail tip, consistent with its distinct pattern in the earlier tail bud. At this stage Xhoxc12 and Xhoxa13 continue to be expressed along posterior neural tube and paraxial mesoderm (Fig. 2S ,W) but their expression is eventually turned off in older tadpoles except at the extreme tip.
In some cases, in situ hybridization was followed by whole-mount immunostaining with the muscle-speci®c antibody 12-101 to reveal the position of the myotomes. This allowed us to localize the anterior expression limits with precision in terms of the number of the corresponding somite. Somites are numbered according to the description of Smit (1952) , according to which the ®rst trunk somite is clearly posterior to the otic vesicle at tail bud stages. The elongated somite visible under the otocyst is a complex of three`metotic' somites, which will eventually degenerate. The results of this analysis, carried out on stage 30±32 embryos, are summarized in Fig. 3 . It is well known that the Hox genes encode specify positional identity along the anteroposterior axis of the developing embryo, and that this feature of body organization is characteristic of all animals (McGinnis and Krumlauf, 1992; Slack et al., 1993) . In the case of Xenopus, the main interest is to know whether the Hox genes encode those cryptic subdivisions that control which body levels are retained after metamorphosis, and which body levels are capable of posterior regeneration. The AbdB-type subset of Hox genes that are likely to be most relevant as they can be expected to have anterior boundaries within the trunk and tail regions. In Xenopus, the ®rst vertebra, the atlas, arises from trunk somites 1 and 2, and the ninth vertebra, the sacral, arises from trunk somites 9±10. There are only nine vertebrae, but posterior to these lies the urostyle, a skeletal element occupying the midline of the pelvic girdle, which arises from somites 10±13 (Smit, 1952) . In the mouse and the chick, the mesodermal expression of paralog groups 10 and 11 correspond to the level of the sacral vertebrae (Burke et al., 1995) . In the present study, Xhoxd10 has an anterior boundary around somite level 9 and Xhoxa11 around somite level 10. So the products of these genes are good candidates for the factors determining the posterior level of postmetamorphic vertebra formation. In the chick and mouse, the paralog groups 12 and 13 are expressed only at caudal levels (Duboule and Doll, 1989; Graham et al., 1989) . We ®nd that Xhoxc12 has its mesodermal anterior boundary around somite level 13, just posterior to the somites that give rise to the urostyle, so it is possible that this gene is responsible for conferring regenerative ability on the Xenopus tadpole tail, and/or its sensitivity to thyroid hormones during metamorphosis (Shi, 1996) . Further investigation will be needed using ectopic expression or speci®c antagonism of the paralog group 12 and 13 genes to ®nd whether they do indeed control these biological properties.
Expression in the developing gut and limb buds
An anatomical description of the Xenopus gut has been published by Chalmers and Slack (1998) , together with a fate map information for the neurula stage (Chalmers and Slack, 2000) . Fig. 4A ,E,I,M,Q shows the pattern of expression of the AbdB-type Hox genes just before the major morphogenetic movements in the forming gut. These show a nested pattern extending across the prospective large intestine, with Xhoxa9 showing the widest domain and Xhoxd9, Xhoxd10, Xhoxa11 and Xhoxa13 expressed in progressively more posterior regions. Xhoxc12 was not found to be expressed in the gut at all. At later stages, the nested pattern breaks down to some degree. Xhoxa9 is mostly con®ned to the proctodeum although there is a very low level of expression in the mesoderm of the large intestine. Xhoxd9 and Xhoxd10 are expressed in a faint band around the proximal end of the future large intestine. Xhoxa11 and Xhoxa13 are expressed over the whole large intestine, but in different layers, Xhoxa11 being just in the mesodermal layer and Xhoxa13 in both mesoderm and endoderm (insets P H , T H ). Of the ®ve genes, Xhoxa13 is expressed in the developing gut at a signi®cantly higher level than the others.
Studies in mouse and chicken have shown that expression of the AbdB-type Hox genes is also con®ned to the large intestine (Beck et al., 2000; Wells and Melton, 1999) . While most of the genes examined have been found to be expressed in the mesoderm, a few were found to be expressed in the endoderm as well. In our study, only Xhoxa13 is clearly expressed in the endoderm. Several authors have suggested that Hox genes may encode the regional speci®city of the gut mesoderm, which can be transmitted to the endoderm through inductive interactions (Yasugi, 1993; Roberts et al., 1998) .
We have also examined expression in the developing limb buds of the tadpole over the stage range 50±54 (Fig.  5) . At stage 51±52, the three genes of paralog group A are expressed distally in an overlapping pattern with Xhoxa9 Expression is con®ned to the prospective large intestine. It is mesodermal in all cases except Xhoxa13, where it is both endodermal and mesodermal (see insets P H and T H ). pr, proctodeum. having the widest domain, then Xhoxa11, then Xhoxa13. These patterns are dynamic, with Xhoxa11 and Xhoxa13 later becoming predominantly anterior, and all three becoming concentrated at the distal tips of the digits during the stage of digit formation. At the early bud stage, Xhoxd9 and Xhoxd10 show similar patterns to the A group being predominantly distal. When the limb has elongated and¯attened Xhoxd9 and Xhoxd10 become concentrated in the posterior. Xhoxc12 does not show a signi®cant expression in the limb bud at any stage.
Although not all limb genes have conserved expression in Xenopus (Christen and Slack, 1998) , the AbdB-type Hox genes seem to follow the pattern of other vertebrates. At stage 50, the genes Hoxa9, Hoxa11 and Hoxa13 form a nested proximodistal set (Blanco et al., 1998; Endo et al., 2000) . The genes of paralog group D are expressed distally at early stages and posteriorly later on. The precise role of Hox genes in the limb has been debated, but evidence from gain and loss of function experiments suggests that they are important for normal development (e.g. Morgan et al., 1992) .
Methods

Cloning of AbdB-like Hox genes
A degenerate primer pair corresponding to two highly conserved regions in the homeodomains of Hox proteins (VYPTK and KIWFQN) was initially used to amplify homeobox fragments from cDNA made from the posterior region of stage 30 embryos. PCR products of 135 bp in length were obtained and cloned into the pPCR-Script Amp vector (Stratagene). Based on sequence similarity, three different clones were identi®ed as homeobox fragments of the Xenopus laevis homologues of mouse Hoxa11, Hoxd9 and Hoxd10, respectively. Speci®c primers against Xhoxa11, Xhoxd9 and Xhoxd10 sequences were then used to obtain longer 3 H and 5 H RACE-PCR clones (SMART-cDNA kit Clontech). The RACE-PCR products were cloned into the Promega pGEM-T cloning vector. A partial Xhoxc12 clone was initially identi®ed using the degenerate primer against the region KIWFQN of the homeodomain directly in a 5
H RACE-PCR reaction. A speci®c primer against the 5 H region of the gene was then used to obtain the 3 H RACE clone used in this study. For Xhoxa9 a 355-bp cDNA fragment was derived by PCR from St.30 Xenopus posterior cDNA using forward (5 H -GCTAACTGGTTGCATGCGAG-3 H ) and reverse (5 H -AGCCAAGATTGTGACGCAAC-3 H ) primers taken from the XhoxB.1 genomic clone sequence isolated by (1992) , and then cloned into Promega pGEM-T vector. Similarly, for Xhoxa13 a 380-bp cDNA fragment was obtained from St.30 Xenopus posterior cDNA using primers as described in Endo et al. (2000) . All the clones were sequenced on both strands using the departmental sequencing service (ABI Prism 377). The identi®cation of each gene is based on the maximum BLAST score. These are unambiguous in most cases. However, Xhoxc12, whose closest match is zebra®sh Hoxc12, also gives some high matches to Hoxd12 in other species.
The probes used are shown in Fig. 6 . Xhoxa9, Xhoxd9 and Xhoxd10 were linearized with NcoI and transcribed using SP6 polymerase. Xhoxa11 was linearized with NotI and transcribed with T7 polymerase. Xhoxc12 was linearized with BamHI and transcribed with SP6. Xhoxa13 was linearized with NotI and transcribed with T7. Although the The anterior of the whole body is to the left. With the limb buds in normal orientation this means that for the buds the anterior is down, posterior is up and dorsal is facing the viewer.
